Background: most studies on lifestyle changes in old age have been transverse. We have conducted a longitudinal study. Subjects: 112 non-institutionalized subjects were studied in 1984 and again 10 years later (ages in 1984 ranged from 53-82 years). Protocol: on each occasion subjects recorded in a diary their times of retiring and rising and of taking meals, during a 'typical week'. They also recorded whether they lived alone or with somebody. Analysis: the diaries were scored to establish any effects of age or living alone on the timing and variability of their lifestyle. Results: age was associated with changes in the sleep/wake schedule and mealtimes and a decrease of daily variation in these variables. When these changes were compared in subjects living alone and with somebody, the increase in time spent in bed and the decreases in variability of times of rising and meals were more marked in subjects living with somebody. Conclusions: a deteriorating body clock contributes to some of these changes, but an increasingly inflexible lifestyle will offset some of the effects of this decline in circadian rhythmicity.
Introduction
Studies of circadian rhythms in old people have often found decreases in amplitude and increases in phase variability in comparison with younger controls [1] [2] [3] [4] [5] . In addition, there are often changed sleep patterns, with less consolidated sleep at night and a higher frequency of naps during the day [2, [6] [7] [8] .
Since such rhythms have both exogenous (lifestyledriven) and endogenous (clock-driven) components, the observed changes could arise from one or both of these. Retirement from a full-time occupation would certainly increase the opportunity for daytime naps and irregularities of lifestyle, and older people differ also in the extent to which they are able to be physically active in the daytime. All these factors could contribute to a decrease in amplitude and phase stability of circadian rhythms as well as to a lessening of the dichotomy that exists in younger people between daytime activity and night-time sleep. However, there is in addition the possibility that the body clock is less well entrained by a less regular lifestyle and that its output might decline with old age as a further example of a general neurological decline.
Attempts to distinguish between the roles due to these exogenous and endogenous components have tended to adopt one of two main approaches. In the first, the constant routine approach, subjects are studied when exogenous influences have been minimized-by placing the individuals in a constant environment (with regard to lighting and humidity), requiring them to remain awake and in a constant posture (often supine) and providing them with identical meals. These protocols have produced results [3, 9, 10] to indicate that there is a decline in clock output in some subjects, particularly if they suffer from sleep disturbances, and some advance of the phase, resulting in subjects becoming more like 'larks'. That is, they prefer to rise and start their day earlier and to do important things early on; retiring is also early and their evening is relaxing in preparation for bed.
When lifestyle has been examined-the second main approach-very considerable inter-individual differences have been found to exist [7, 8, [11] [12] [13] [14] [15] [16] [17] . Some subjects are able to live alone, with a family or a spouse and so have varying amounts of freedom with regard to their daily routine; others, by reasons of physical or mental infirmity, are institutionalized and so restricted far more in their habits. Nevertheless, in studies upon noninstitutionalized subjects [14, 15, 17] it has been found that increasing age, although associated with a wide inter-individual variation in lifestyle, was associated with a decreased intra-individual variation. That is, older individuals appear to become more 'set in their ways'.
Such studies are nearly always transverse in design, but the database in Manchester is large enough and the programme of research on aged people sufficiently long-term for us to be able to study the same subjects 10 years apart. Such a longitudinal design is a more powerful way of focusing on some of the changes associated with growing older.
Subjects and methods
Of the 330 subjects who were studied in 1984 [14] , a random sample of 168 was contacted again 10 years later. (Financial constraints prevented this sample from being larger.) Of these, 115 responded that they would fill in the same kind of diary as previously. (The attrition rate represented loss of interest, lack of time and moving out of the area.) The diary required the subject to choose a 'typical week' and to record, for 7 consecutive days, times of retiring, rising, taking their main meals and the number of additional drinks or snacks. Subjects were not shown their previous diary and were not told the nature of the analysis that would be performed upon each pair of diaries.
Three diaries were not completed satisfactorily, leaving 112 subjects in the final sample; some demographic characteristics of the subjects both from this and the previous study are shown in Table 1 . No subject was institutionalized, which is unrepresentative of old people in general, and the sample included unrepresentatively high numbers of middle and professional classes for Manchester as a whole. Nevertheless, its composition with regard to age distribution and sex was very similar to that of the larger sample 10 years earlier (see Table 1 ).
Each diary was scored in the same way, the experimenter being blind to the scores from the other diary. The scores calculated were mean values and mean variance of: rising time, retiring time, time spent in bed, number of naps, breakfast time, lunch time, dinner time and number of meals/snacks.
In addition, two more global measures of variance were calculated: sleep times (pooled variance of rising and retiring times) and meal times (pooled variance of breakfast, lunch and dinner times).
Values have been presented as mean ± SEM and comparisons between them made by Student's ttest.
Stepwise multiple regression analysis was performed using the Minitab package.
Results

Assessments ignoring whether a subject lived alone or with somebody
For each variable and subject, we have calculated 'From Minors etal, 1989 [14] . "Mean age: 64.5 years; males = 69 (21%); females = 252 (79%). c Mean age = 730 years; males = 22 (20%); females = 90 (80%). the difference between the values in 1994 and 1984.
The mean values for the whole group of 112 subjects are shown in Table 2 . In 1994 subjects recorded a significantly earlier retiring time, more time spent in bed and a decreased variance of meal times. There was also a tendency for the number of naps to increase and for the variance of sleep times to decrease. These results indicate that our subset of 112 individuals was representative of the larger original group [14] . This was investigated more formally by comparing the mean values obtained in 1984 from the present sample of 112 subjects with those of the remainder of the original group (n -209). In no case was there a mean difference that was significant at the P = 0.10 level or less. However, while such results suggest that age influences the habits of our subjects, they might be confounded if the company of an individual-whether he/she was living alone or with somebody-were an important factor. This effect might influence the analysis not only of both the 1984 and 1994 samples but also of the differences between them, because the distribution between living alone or with somebody changed slightly between these two dates ( Table 1) .
Assessments taking into account whether the subject lived alone or with somebody
One method we have used is to divide the sample into two sub-groups-those living alone and those living with somebody throughout the 10-year period-and to analyse each sub-group in the same way as above. The results are shown in Table 2 .
The final column enables us to concentrate on the effects of the passage of 10 years and without any possible confounding due to living with somebody in 1984 and then alone in 1994. This analysis confirms that age is associated with an earlier retiring time, more time spent in bed, more naps, an earlier lunch and dinner and a decreased intra-individual variance in nearly all variables. A comparison of columns 2 and 3 of this table enables a distinction to be drawn between the effects of 10 years of ageing in subjects living alone (column 2) or with somebody (column 3). Here some differences arise, particularly in rising time (later in those living with somebody), time spent in bed (increases when living with somebody) and intraindividual variances in timing of rising and mealtimes (which are smaller if living with somebody).
A second analysis which allows the effects of gender, age and whether living alone or with somebody to be assessed is multiple stepwise regression analysis. This analysis was performed taking each measured variable in turn as the dependent variable, with gender, age and 'social status' (whether living alone or with somebody) as possible predictors. The analysis was performed first using the results collected from the sample of 112 subjects in 1984 and then from the same subjects in 1994. The results are shown in Table 3 -They show no significant effect of gender but reiterate the general effects due to age (compare Tables 2 and 3 ) with regard to more time spent in bed, earlier times of retiring and taking some meals and a decreased variance in several aspects of lifestyle. Significant effects of 'social status' are infrequent, being restricted to an increased variance in the number of naps taken (in the sample measured in 1984) if living with somebody and a decrease in variance of the timing of meals (in the sample measured in 1994) if living with somebody.
Discussion
Before considering the interpretation of the present results, some caveats are necessary. First, the subjects analysed are not representative of the socio-economic status of older people in general; not only do they over-represent middle and professional classes but also, by virtue of not being institutionalized, they represent only that sub-group of aged subjects called 'survivors' by Monk [10, 15] . Second, the samples showed a preponderance of females, as would be expected from the greater life expectancy of this subgroup. Therefore, the results cannot be assumed to represent the aged population as a whole, and this limits the generalizability of any inferences that can be drawn.
One of the main findings of the present study is to confirm that age is associated with several changes in lifestyle, amongst which are an earlier retiring time, an increased tendency to take naps, a decrease in the total number of meals and snacks taken and a general decrease in the day-to-day variability of lifestyle in individuals. Most of these findings have been reported before and the present results are fully compatible with those of others who have shown that age is accompanied by an altered sleep/wake schedule [2, [6] [7] [8] , a tendency towards becoming more like 'larks' [2, 3, 9, 10] and by the subjects becoming more 'set in their ways' [14, 15, 17] . It has not always been possible to establish if the changes are due to lack of choice (because the subjects have been institutionalized) or to whether the subjects live alone or with somebody. In the present study these changes have been found in non-institutionalized subjects, both those living alone and those living with somebody. That is, they can be associated with age itself in subjects who are still free to organize their lifestyle, whether or not they live alone-the group called 'survivors' by Monk [10, 15] .
Monk's group used a specially constructed diary, a 'Social Rhythm Metric', to establish the fall in variability of the daily routine [17] . This diary is a measure of several components of an individual's daily routine. It includes sleep and meal patterns but also contains factors involving social interactions. Our measures of variation are more limited, restricted to those of meal times and sleep times, but the similarity of findings points strongly to there being a general loss of daily variability.
Does whether a subject lives alone or with others exert any significant effect? Our present results (Tables 2 and 3) indicate that some effects exist. Thus, those who live with somebody else, generally the spouse, spend more time in bed than those living alone; but the effect that consistently arose was the decreased variance in times associated with rising and meals in general. The reason for these findings is not certain but it seems reasonable to suppose that individuals living with somebody might regard time in bed and meal times as opportunities to plan or discuss the day's events, in addition to the obvious advantage of synchronizing these aspects of lifestyle.
As far as assessment of circadian rhythms is concerned, the general advance in phasing of lifestyle can either contribute to or result from an earlier phasing of the body clock. Since the two factors normally synchronize, such studies do not enable a separation of the two components. However, the fall in daily variance of habits implies that any zeitgebers ('time-givers' which help to adjust the body clock; they arise from rhythms of light and dark in the environment and from regular changes in behaviour, such as waking and retiring times), particularly those due to the aspects of lifestyle we have measured, will be more effective than with a less regular schedule. In any individual, therefore, more variability of circadian phase [1] [2] [3] [4] [5] indicates a weakness of the zeitgebers themselves, of the pathways by which they entrain the body clock or of the entrainment process itself. The amplitude of the circadian rhythm in an individual will be reduced if the clock output declines but also if the difference between daytime activity and night-time inactivity decreases. Since our subjects tended to take more naps as they aged, this latter factor is likely to contribute to the decline in amplitude that is commonly seen in old age [3, 9, 10] and to be more marked in old subjects with sleep problems [see, for example, 8, 11] . In addition, however, some measure of the dichotomy between daytime activity and nocturnal inactivity is required (see [18] ), and experiments to measure this are in progress.
Key points
• We performed a longitudinal study of 112 noninstitutionalized old subjects, in 1984 and 10 years later.
• Diaries of retiring and rising times and mealtimes confirm that older subjects tend to start the day earlier and show less day-to-day variation in lifestyle.
• When those living alone and with somebody were compared, results were similar, except that subjects living with somebody else spent more time in bed, and their day-to-day variation was even smaller.
